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Abstract
A non.specific esterase activity was demonstrated III the jejunum of rats by an azoindoxyl
method. 1) Microvilli of the jejunal epithelial cells were remarkably stained in non-frozen spec-
imens and feebly in frozen specimens. 2) The other cytoplasmic structures, i. e. mitochondria,
endoplasmic reticulum, nuclear envelope, plasma membrane and multivesicular body showed a
positive reaction product in frozen sections but not in non-frozen blocks.
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Nonspecific esterase in the small intestine has been studied histo-
chemically by NACHLAS and SELIGMAN (22), LOJDA and FABRY (21),
PADYCULA et at. (23), DAWSON and PRYSE-DAVIS (7), SEITO (28), SELIGMAN
(29), SELIGMAN et at. (30) and others employing naphtholic ester methods,
and also indigo methods have been used for the detection of the esterase
localization by WACHSTEIN et at. (33) and FLOCK et at. (8). In reviewing
these reports, there is no difference of the emzymatic localization in the
small intestine between these two methods as reported by PEARSON and
DEFEND! (26); i. e. the localization of the indoxyl acetate is almost coinci-
dent with the naphtholic acetate esterase in the small intestine under light
microscope.
In addition, thiol-carboxylic acids have been testified to demonstrate
esterases in the small intestine by WACHSTEIN et at. (33), KARNOVSKyand
RooTs (14) and BELL and BARRNETT (4). They state that the final product
is evenly distributed throughout the cytoplasm and the localization is
similar to that seen in nonspecific esterase method using naphthol AS
substitutes and bromoindoxyl acetate as substrates.
A successful electron microscopic demonstration of thiol-substituted
carboxylic acid esterases in rat tissues was first performed by BELL and
BARRNETT (4). In their report the reaction product always appeared to be
associated with membranes or with structures bounded by membranes
including nuclear envelope, mitochondria, endoplasmic reticulum, and
lateral cell borders.
However, the sites of nonspecific esterase in the small intestine have
not been studied in electron microscope by any azodye method yet.
In relation to the progress of electron cytochemistry of azodye
methods, BARRNETT and SELIGMAN (3) and HOLT (10) first offered a
principle for the esterase histochemistry employing indoxyl esters, and
subsequently 5-bromoindoxyl acetate was introduced by HOLT (11). Of
these substrates, recently, HOLT and HIcHs (12) attempted to apply an
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azoindoxyl method to electron microscopy using hexazotized pararosanilin
as the coupler and they successfully obtained an electron opaque osmium
complex of azoindoxyl in sliced frozen sections of the kidney. Thereafter
similar methods have been reported by LEDUC et al. (20), KAWASHIMA (5)
and SELIGMAN (31).
In this paper the indoxyl acetate esterase was demonstrated in the
jejunum of albino rats by the author's method. The sites of the eterase
reaction in the absorptive cells were so different between the sliced frozen
sections and the non-frozen blocks that the enzyme sites were discussed
comparing with those of the thiolcarboxlic acid esterases (4) in some tissues
and of the indoxyl acetate esterase in the other tissues 06, 17, 18).
MATERIALS AND METHODS
Upper part of the jejunum was excised from albino rats under a slight anes-
thesia with ether. It was immediately fixed in 4 % formaldehyde solution con-
taining 0.05M phosphate buffer of pH 7.3 and 5 % sucrose at 4°e for an hour.
The fixed tissues were washed with chilled 0.85 % sodium chloride solution for
15 min. and stored in the same solution at 4°e overnight. One half of the jejunum
was sectioned 10 and 20 microns thick in a cryostat. The lO-micron sections were
stained with a medium for the detection of esterase activity (15, 17) as mentioned
below at room temperature for 10 min., washed, dehydrated and mounted in
permount for light microscopy. The 20-micron sections were stained in the
medium for esterase at room temperature for 15 min. and washed in 0.85 %
sodium chloride solution with 3 changes for an hour. These were osmicated in 1
or 2 % osmium tetroxide solution at 37°e for 100 min., washed, dehydrated and
embedded in Epon plastic by a routine method for electron microscopy. The
other half of the jejunum was cut with a shape razor blade into fragments no
longer than 1mm in any dimension. The blocks were stained in the medium
mentioned below at room temperature for 100 min. and embedded in Epon plas-
tic with the same procedures for electron microscopy. These Epon blocks were
employed for both light and electron microscopy.
The medium for esterase was prepared immediately before use as follows (15,
17).
indoxyl acetate in O. 1m!. of acetone 4 mg
0.2 phosphate buffer, pH 7.3 2.5 ml
0.85 % sodium chloride solution 5 ml
distilled water 2.5 ml
50m M tetrazotized BAXD 0.2 ml
(BAXD: N, N' Bis (4-aminopheyl)-1, 3 xy1ylendiamine (15, 27))
One of control experiments was carried out with omitting the substrate from
the incubation medium and another was done with addition of 1O-2M E 600
(diethyl-p-nitrophenyl phosphate) to the incubating medium.
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Light microscopy:
In the frozen sections of jejumun incubated in the medium for este-
rase, the cytoplasmic stain of columnar cells was remarkable, especially
at the apices of villi. The striated borders and the nuclei of absorptive
cells and whole goblet cells were all negative on the esterase activity. The
lamina propria was also negative. In small non-frozen blocks, the striated
borders of the epithelium at the apices of villi were more intensely reactive
for esterase than those in the deeper portions of the crypts of Lieberkuhn,
and the cellular borders of the goblet cells also showed a marked deposi-
tion of reaction products. The other regions of the epithelial cells showed
no coloration. Control experiments lacked the end product in every
element of the jejunal epitheilum. E600-resistant activity of esterase was
only observed in the cytoplasmic droplets.
Electron microscopy:
When frozen sections of jejunum were incubated in the medium for
the esterase and observed with electron microscopy, copious dark artifact-
like precipitates are noted in the absorptive cells. But similar precipita-
tion is also observed in both control and non-frozen blocks. The mem-
brane of microvilli of jejunal absorptive cells showed a trace of the este-
rase activity. Pinocytotic indentations at the bases of microvilli demon-
strated a moderate activity on their membranes. The membrane of the
interdigitated lateral cell borders showed the esterase activity ranging from
slight to moderate. Neither the basement membrane nor the plasma
membrane on the basal surface of the columnar cells was reactive for the
esterase. The activity on the mitochondrial outer membranes in the ab-
sorptive cells was so strong and so close that the reactive sides of these
membranes could not be discriminated. The inner membrane of mito-
chondria revealed weak or moderate reactivities. The membranes of small
vesicles in absorptive cells probably associated with smooth surfaced endo-
plasmic reticulum showed weak or moderate pigment diposition, paticu-
larly those located below the terminal web region. A moderate reaction of
esterase occurred on the rough surfaced endoplasmic reticulum, but not
on the ribosomes situated near the reticulum. The nuclear envelopes were
strongly reactive for esterase but the outer and inner layers were usually
not distinguishable. The bordering membranes of multivesicular bodies
showed a moderate activity and some vesicles within the bodies were also
reactive. The structure of the Golgi complex could not be clearly identi-
fied from the surrounding endoplasmic reticula in this work. The most
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intense deposition of reaction product was visible upon and within the
membranes of the lateral cell borders of the goblet cells, in which only a
few mitochondria and membranous structures of the endoplasmic reticu-
lum situated near the basal regions of these cells showed a strong activity
but almost no reactivity was visible in the mucoid masses (Figs. 1-3).
When non-frozen tissue blocks of the jejunum were observed, the
osmicated azo-dye was abunduntly deposited upon the membrane of the
microvilli of absorptive cells and in the bordering membrane of goblet
cells. The other elements in the jejunal epithelial cells were entirely nega.
tive. Namely a gradient of precipitation of the osmicated azoindoxyl in
the tissue was almost inverse compared with the precipitation in the tissue
blocks (Figs. 4-6).
Controls of the electron microscopic study showed almost no reaction
product in every element of the jejunal epthelium. Positive activity was
only found in the dense bodies.
DISCUSSION
In the present report the precise localization of the actIvIty of the
indoxyl acetate esterase in jejunal epithelium can be demonstrated in
frozen sections with electron microscopy. Pinocytotic engulfment at the
bases of the microvilli of the jeiunal absorptive cells, lateral cell border,
mitochondria, membrane of small vesicles, rough surfaced endoplasmic
reticulum, nuclear envelope, multivesicular body are all reactive, and
lateral cell borders of the goblet cells are strongly reactive for the esterase.
And also it was remarkably demonstrated in non-frozen blocks that micro-
villi of the absorptive cells and bordering menbrance of goblet cells
revealed an intense reaction of the esterase. Some artifactitious precipitates
were produced with the osmicating procedure in this method, but the
distribution of the precipitations, possibly osmicated azoindoxyl polymers,
enables us to know the sites of the esterase by comparison with the respec-
Fig. I A frozen section, X 27000
Pinocytotic engulfments (p) ShON an increasing tendency of the esterase activity compared
with the other parts in the bases of the microvilli. Note a strong activity of esterase in the
mitochondrial outer membrane and moderate activity on the cristae. A multivesicular body
(mb) partially reveals positive activity.
Fig. 2 A frozen section, X 25000
The nucleus (n) is negative for esterase e,cept its envelope. The endoplasmic reticula
are moderately positive for estease.
Fig. 3 A frozen section, X 25000
Note a heavy deposition of the reaction product in the cell border (cb) of the goblet cell
(gc).
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tive controls. A curious fact is the intense deposition of reaction product
upon the microvilli of the jejunal absorptive cells in non-frozen blocks in
spite of feeble deposition of the reaction product in frozen sections. It
perhaps is due to the long incubation time for non-frozen blocks. In the
same cells no deposition is observed in cytoplasm. The reason why no
enzyme reaction is detected in cytoplasm is still obscure, but it is assumed
that permeability of the incubating medium into the jejunal epithelium
probably plays a great role for the difference between reactivity in frozen
sections and that in non-frozen blocks as well as freezing procedure and
permeability of fixative (formalin). So, it is reasonable that the frozen
technique is preferable for the indoxyl esterase method in the jejunal
epithelium. In the frozen sections of jejunal absorptive cells the esterase
activity in mitochondria was strong on their outer membrane and mode-
rate on their inner membranes with the present method. This mitochon-
drial activity is more intense than that in parenchymal cells of rat liver
(16, 18). On the other hand, the esterase absent mitochoindria have been
observed in the proximal segment cells of the kidney (15) and in motor
end plates (17), though some of the mitochondria rarely show the esterase
activity associated with certain changes of surrounding cytoplasmic condi-
tions (16). Therefore, perhaps mitochondria in different kinds of cells
ordinarily have the esterase activity in different grade. However, the
other cytoplasmic elements which are positive for esterase have constant
activities of esterase in such esterase-reactive cells. BELL and BARRNETT (4)
have described that the activity of thiol-substituted carboxylic acid esterases
in mitochondria occur in the cells which exhibit this activity also in the
endoplasmic reticulum. Thus, there might be a functional relationship
between mitochondria and endoplasmic reticulum including nuclear enve·
lopes in the jejunal absorptive cells. Among the thiol-substituted carboxylic
acids, only thiol acetate does not show a positive reaction in the mitochon-
dria. However in this study indoxyl acetate shows a considerable activity
in mitochondria. It is puzzling why these acetates show different reactivi-
ties in the mitochondria of the small intestinal absorptive cells.
In the present paper a feeble activity of esterase is demonstrated upon
the plasma membrane covering the microvilli instead of a spotty reaction
Fig. 4 A non-frozen block, X 4600
A strong stain of esterase reaction is presented in the cell border (cb) of the goblet cell
(gc), but the other membranous structures in the cytoplasma of the goblet cell and the
absorptive cells are quite negative.
Figs. 5 and 6 Non-frozen sections, X 19000
The membranes covering the microvilli (mb) are strongly reactive for esterase. Dense
stipple-like precipitates may be an artifact.
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which is described by BELL and BARRNETT (4), and the plasma membrane
at the pinocytotic engulfment at the base between the microvilli reveals a
moderate activity of the esterase comparable to that of the small vesicles.
Currently, two mechanisms of fat entry into the absorptive cells in small
intestine are postulated. One of these mechanisms is an engulfment of fat
by a process of pinocytosis (l, 19, 24, 25, 32). An increasing tendency of
activity of esterase on plasma membrane of pinocytotic engulfment might
be a hint of this mechanism; the esterase in engulfed plasma membrane
can presumably digest some esters in food stuff in pinocytotic and small
vesicles. Another mechanism of the fat entry relies upon the diffusion of
the digestive products of fat, fatty acids and monoglycerides, as micelles
or other particulates through the microvilli of the absorptive cells (2, 5, 6,
9, 13). The latter hypothesis is supported by the present results; namely,
the membrane of microvilli shows a faint reaction for the indoxyl acetate
esterase in frozen sections and an intense reactivity in non-frozen blocks.
Multivesicles in the multivesicular bodies are aften positive in a certain
part as intense as the bordering membrane is and negative in the rest. The
functions of these bodies are still puzzling.
SUMMARY
A non.specific esterase activity was demonstrated III the jejunum of
rats by an azoindoxyl method.
1) Microvilli of the jejunal epithelial cells were remarkably stained
in non-frozen specimens and feebly in frozen specimens.
2) The other cytoplasmic structures, i. e. mitochondria, endoplasmic
reticulum, nuclear envelope, plasma membrane and multivesicular body
showed a positive reaction product in frozen sections but not in non-frozen
blocks.
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